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1.  Protocol  Number:  FWH20140070A 

2.  Type  of  Research:  Animal  Research 

3.  Title:  Intravenous  versus  intramuscular  cobinamide  compared  to  intravenous  saline  (control)  in  the  treatment  of 
acute,  survivable,  hydrogen  sulfide  toxicity  in  swine  (Sus  Scrota). 
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5.  Purpose:  This  novel,  reproducible  model  of  hydrogen  sulfide  toxicity  was  developed  to  test  drug  treatments 
and/or  resuscitation  treatments  that  reverse  the  toxicity.  To  date  there  are  no  reproducible  models  of  hydrogen 
sulfide  toxicity  although  hydrogen  sulfide  toxicity  is  reported  to  be  one  of  the  leading  causes  of  unintentional 
workplace  gas  inhalation  deaths.  Newer  methods  of  extracting  oil  and  gas  such  as  hydraulic  fracturing  produce 
excessive  levels  of  hydrogen  sulfide  gas.  Hydrogen  sulfide  could  also  be  used  as  a  terrorist  weapon  in  confined 
areas.  There  are  no  published  reports  indicating  that  a  reproducible,  lethal  but  survivable  model  of  hydrogen  sulfide 
toxicity  have  been  developed.  This  model  provides  the  ability  to  test  any  number  of  antidotes,  drugs,  or 
resuscitative  measures  in  the  treatment  of  hydrogen  sulfide  toxicity. 

6.  Results: 

At  the  beginning  of  the  study  we  had  an  unanticipated  set  back  with  the  IM  Cobinamide  arm;  we  had  difficulty 
resuscitating  them  despite  varying  the  dose  and  timing  of  the  Cobinamide.  We  shifted  our  focus  to  the  IV  arm.  The 
NaHS  was  infused  until  the  animal  reached  apnea,  then  titrated  down  twice  and  remained  on  0.1  mg/kg/min  for  the 
remainder  of  the  study.  Animals  were  treated  with  IV  HOC,  IV  Cobinamide  or  control  (no  treatment)  1  minute  post 
apnea.  There  were  no  significant  differences  in  baseline  variables.  All  of  the  IV  Cobinamide  treated  animals 
survived,  compared  to  IV  HOC  and  control.  Mean  time  to  spontaneous  ventilation  in  the  Cobinamide  treated 
animals  was  3.2  minutes. 

After  completion  of  our  IV  arm  we  moved  back  to  the  IM  model.  We  collaborated  with  Dr.  Bebarta,  under  CRADA 
16-206-AFMS59-C16004,  at  the  University  of  Colorado,  Denver,  to  complete  the  IM  portion  of  the  protocol. 

There  were  no  significant  differences  in  baseline  hemodynamics  and  arterial  blood  gases  were  normal  in  both 
groups.  There  were  no  significant  differences  in  the  mg/kg  dose  of  NaHS  required  to  produce  apnea  or  MAP  less 
than  45  mmHg  (9.04+6.1 6  mg/kg  cobinamide  vs.  5.90±5.54mg/kg  control;  95%  Cl  of  difference  1 1 .32,  -5.04).  All  of 
the  cobinamide  treated  animals  survived  (5/5),  none  of  the  control  (0/6)  animals  survived.  Kaplan-Meier  method  of 
survival  analysis  clearly  showed  a  significant  difference  by  group  (log  rank  p<0.001)  such  that  more  of  the 
cobinamide  treated  animals  survived  compared  to  the  untreated  animals.  Mean  systolic  blood  pressure  10 
minutes  post  treatment  was  1 01 .20±1 7.06  mmHg  for  cobinamide  treated  animals  vs  37.75±1 9.08  mmHg  for 
control;  95%  Cl  difference  2.94,  123.96. 

7.  How  may  your  findings  benefit  the  Air  Force?  Hydrogen  sulfide  is  an  attractive  terrorism  tool  because  of  its 
high  toxicity  and  ease  with  which  it  can  be  produced.  Several  potential  antidotes  have  been  proposed  for  hydrogen 
sulfide  poisoning,  but  none  have  been  completely  successful.  Our  studies  indicate  that  cobinamide  can 
successfully  reverse  hydrogen  sulfide  poisoning  in  an  animal  model.  We  have  also  shown  that  cobinamide 
successfully  reverses  cyanide  poisoning  in  an  animal  model.  Moreover,  cobinamide  can  be  administered  via  the  IM 
route  making  it  an  easy  drug  to  deliver  by  first  responders  at  any  role  of  care. 

8.  Number  of  Animals 

Projected  Enrollment  of  Animals  at  the  Beginning  of  Study:  62  (added  1 6  through  amendments  1  &4) 


Actual  Number  of  Animals  Enrolled:  76 


9.  Status  of  Animals  Entered  into  the  Protocol:  All  animals  used  were  in  good  health. 

10.  Number  of  animals  since  last  status  report: 


Number  enrolled 
since  last  report 

Total  enrollment 
to  date 

Number  of  animals  entered  into  the  Study 

0 

76 

11.  Status  of  Funds:  Our  study  was  funded  by  the  AF  SGR.  We  had  no  budget  deviations  and  all  funds  have 
been  allocated  for. 

12.  Reason  for  Closure:  Objectives  of  the  study  were  met. 

13.  Specific  Problems:  We  completed  6  experiment  animals  treated  with  IM  cobinamide  and  we  had  difficulty 
with  resuscitating  these  animals.  We  expected  that  since  the  IV  cobinamide  worked  so  well,  that  the  IM 
cobinamide  would  work  almost  as  well.  However,  we  were  unsuccessful  resuscitating  these  IM  cobinamide  treated 
animals  despite  varying  the  dose  of  cobinamide  and  timing  of  cobinamide  administration.  Because  of  this  difficulty 
we  obtained  an  amendment  (#1)  asking  for  10  additional  animals  to  further  explore  the  IM  dose  of  cobinamide  to 
determine  if  it  is  being  absorbed  under  these  experimental  conditions.  With  our  initial  IM  model,  1/3  of  the  pigs 
survived.  We  worked  toward  improving  the  cobinamide  formulation,  which  improved  survival  rate  to  1 00%. 
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